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Abstract 
Abiotic formation of RNA has been thought to be quite important for the emergence of terrestrial life. To 
understand the plausible route to the arrival of RNA on the Hadean Earth, it is necessarily unavoidable to answer 
the question where and how its monomeric unit, ribonucleotide firstly formed. Ribonucleotide is composed of 
ribose, nucleobase, and phosphate. Of the three components constituting ribonucleotide, the availability of ribose 
in particular for prebiotic reactions is unclear. Ribose is only a minor component in the mixtures of various 
sugars and hydrocarbons generated through the formose reaction, a conceivable prebiotic process for ribose 
synthesis. Furthermore, ribose shows the greatest instability of the aldopentoses during this process. Recently, 
experimental investigations have revealed that borate can stabilize ribose via the formation of their complexes ; 
however, the availability of borate on the early Earth has been the subject of intense debate.  
In order to examine whether borate was available on the early Earth, I examined metasedimentary rocks from 
the Isua Supracrustal Belt (Chapter 1). Garnet, biotite, and quartz comprise the major constituents of the 
examined rocks. Field relationships and the chemical compositions of the examined rocks suggest sedimentary 
origin. The present study found that garnet crystals contain a number of inclusions of tourmaline (a type of 
borosilicate mineral). All tourmaline crystals are Fe-rich and categorized as schorl. Both garnet and tourmaline 
often contain graphite inclusions and this close association of tourmaline with garnet and graphite has not been 
recognized previously. Garnet–biotite and graphite geothermometers suggest that the tourmaline in garnet 
experienced peak metamorphic conditions (~500℃  and 5kbar). The mineralogical characteristics of the 
tourmaline and the whole rock composition indicate that the tourmaline formed authigenically in the sediment 
during diagenesis and/or early metamorphism. Clay minerals in modern sediments have the capability to adsorb 
and concentrate borate, which could lead to boron enrichment during diagenesis, followed by tourmaline 
formation under metamorphic conditions. Clay minerals, deposited on the early Archean seafloor, were the 
precursors of the garnet and biotite in the examined samples. The studied tourmaline crystals were most likely 
formed in the same way as modern tourmaline in marine sediments. Therefore, boron enrichment by clays must 
have been possible even during the early Archean. Thus, similar enrichment could have been possible during the 
Hadean, providing a stabilization agent for ribose. 
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In addition to the understanding of a suitable environment for ribose stabilization, the plausible route from 
ribose stabilization to its successful complete must also be elucidated for unraveling the whole process of abiotic 
synthesis of ribonucleotide. A probable key process to overcome this difficulty is the concentration of required 
substances, whereas the layered double hydroxides (LDHs) can be regarded as remarkable materials in terms of 
their capacity of various anions and widespread occurrence in the Hadean marine sediments. To realize the 
subsequent step to ribose stabilization, phosphorylation of ribonucleotide precursor, I performed the simulated 
experiments using LDHs (Chapter 2). In the current experiments, I used adenosine as ribonucleotide precursor, 
acetylphosphate as phosphorylating agent, and hydrotalcite as LDH mineral. Adenosine, borate and acetyl 
phosphate were mixed with the buffered solution containing hydrotalcite to attain the concentration and 
phosphorylation in the interlayer of hydrotalcite. Adenosine and phosphorylated compounds in the resultant 
solution were analyzed using HPLC equipped with photodiode array detector. Consequently, I could not observe 
any evidence of phosphorylation and concentration of adenosine. From these results, I conclude that the 
effectiveness of acetyl phosphate cannot be evaluated, but conceivable main reasons for unsuccessful 
concentration of complexes are as follows: (1) low concentration of adenosine-borate complexes in the solution 
(2) probable intrinsic difficulty of intercalation due to their low charge density, small total charge and size of the 
complexes (3) short duration of intercalation experiment. The results of present research indicate that whether 
the concentration of ribonucleotide precursors to LDHs could occur or not should be firstly examined in future 
research before conducting phosphorylation experiments. Moreover, future concentration experiments should be 































酸とともに RNA の構成分子を吸着、濃集させる能力のあるグリーンラストなどの Layered 
Double Hydroxide(LDH)に着目した。三嶋君は吸着、濃集後に LDH の触媒能力によって、
ヌクレオチドを生成しうると仮説つけた。この仮説の根拠となるデータは他の研究者によ
って出版されており、三嶋君の仮説は十分に検証可能なものと思われた。しかし過去の研
究で報告された吸着能力や触媒能力が LDH に無いことが新たに判明した。さらにヌクレオ
チドやその分解物は分析の際にコンタミネーションとして検出されることから、過去の研
究で示された LDH の吸着や触媒に関するデータの信憑性が低いことが明らかになった。こ
のことから LDH を用いヌクレオチド生成を試みる際には、過去の出版データにとらわれず
実験条件を大幅に変更する必要性を提唱した。 
これら研究成果は非常に独創的であり、博士論文として妥当であると論文審査会にお
いて認められた。さらに研究成果は、今後自立して研究活動を行うに必要な高度の研究能
力と学識を有することを示している。したがって、三嶋慎平提出の博士論文は、博士（理
学）の学位論文として合格と認める。 
